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ABSTRACT
INHIBITORY DIMENSIONAL CONTROL IN THE PIGEON:
THE EFFECTS OF DISCRIMINATIVE AUTOSHAPING 
AND NEGATIVE AUTOMAINTENANCE PROCEDURES
bY
PETER ERBEN JENKINS 
UNIVERSITY OF NEW HAMPSHIRE, 1979
A series of experiments investigated the minimal condi­
tions necessary to establish inhibitory dimensional control.
An autoshaping paradigm was employed in order to isolate the 
effects of stimulus-reinforcer correlations. In Experiment 1, 
four pigeons were exposed to a negative correlation between 
a 570 nm, 10 second key light and visible but inaccessible 
food presentations. These food presentations were arranged 
by a VT 20 second schedule except during the 50 seconds fol­
lowing the onset of the 570 nm key light. There was no indi­
cation of inhibitory dimensional control when 11 different 
wavelength key lights were each individually presented and 
followed by accessible food. Key light presentations occurred 
once every 90 seconds throughout Experiments 1-5 and all food 
presentations were 3 seconds in duration.
Experiment 2 was similar to Experiment 1 except that 
all food presentations were accessible, the key was lighted 
white during the intertrial interval, and the number of test 
stimuli was reduced to seven. A resistance to reinforcement 
test similar to that used in Experiment 1 did not indicate 
inhibitory dimensional control.
In Experiment 3, a positive correlation between a 10 
second white key light and food was arranged in addition to 
the negative correlation between the 570 nm key light and 
food. Food presentations were arranged by a VT 20 second 
schedule during the 40 seconds following a white key light 
presentation. Following training with either this procedure 
or a variation, the resistance to reinforcement test did not 
indicate inhibitory dimensional control.
In Experiment 4, 570 nm key light presentations were 
never followed by food presentations. Food immediately fol­
lowed the presentation of a white key with a black dot and 
never occurred otherwise. Both a-combined-cues test, in 
which the black dot was superimposed on each of the test 
stimuli, and the resistance to reinforcement test.indicated 
inhibitory dimensional control.
In Experiment 5, 8 second presentations of the 570 nm 
key light were followed immediately by food presentations if 
the pigeon did not respond during the 570 nm key light presenta­
tion. Eight second presentations of the white key with the 
black dot were followed immediately by food presentations, 
regardless of the pigeon's behavior, on approximately the same
x
proportion of trials as the 570 nm key light was followed by 
food. A combined-cues test indicated that the 570 nm key 
light became inhibitory but neither the combined-cues test 
nor the resistance to reinforcement test indicated the estab­
lishment of dimensional control. Although performance in 
the presence of the 570 nm/black dot compound during the 
combined-cues test was similar in Experiments 4 and 5 there 
was significantly less responding during the resistance to 
reinforcement test in Experiment 5. Experiments 1-5 demon­
strate that a positive stimulus -reinforcer correlation in 
addition to a negative stimulus - reinforcer correlation is 
necessary to establish inhibitory dimensional control.
In Experiment 5 key peck durations were reliably shorter 
in the presence of the 570 nm key light than in the presence 
of the white key with the black dot. In the presence of both 
key lights, responses tended to occur in bursts of 2-4 key 
pecks, with durations reliably decreasing within bursts. It 
is argued that the key peck durations exhibited on various 
schedules of reinforcement are a result of the differential 
reinforcement of different response topographies. Schedules 
which require that the key peck be on the key result in 
longer durations while schedules which require the peck not 
to be on the key result in shorter durations.
I. INTRODUCTION
Research in learning and conditioning is divided into 
two distinct research and theoretical areas: classical con­
ditioning and instrumental conditioning. Classical condi­
tioning was initially investigated by Pavlov in the early 
1900's. In his physiological investigations of the digestive 
system, Pavlov (1927) found that if meat powder presentations, 
which elicit salivation, were reliably preceded by a stimulus 
which did not usually elicit salivation (e.g., a tone), the 
tone would come to elicit salivation. The elicitation of 
salivation by the tone is a conditional reflex. The creation 
of this new reflex is conditional upon the pairing of the 
tone with the meat powder. In this example of classical con­
ditioning the meat powder is referred to as the unconditional 
stimulus (US) because the elicitation of salivation by the 
meat powder is not conditional upon any previous conditioning.
The salivation elicited by the meat powder (US) is referred 
to as the unconditional response (UR). The tone is referred 
to as the conditional stimulus (CS+) because the elicitation 
of salivation by the tone is conditional upon previous condi­
tioning. The salivation elicited by the tone (CS+) is referred 
to as the conditional response (CR). Many writers use the 
terms "conditioned" and "unconditioned" rather than "conditional"
1
2and "unconditional." As Terrace (in Nevin, 1973) and other 
investigators (Dykman, 1967; Galanter, 1966; Gantt, 1966) 
have pointed out this is due to a modification in transla­
tion. The terms "conditional" and "unconditional" will be 
used in this dissertation because they are closer to Pavlov's 
original meaning.
Classical conditioning procedures are effective in 
establishing a variety of conditional reflexes. The responses 
which have usually been investigated are those mediated by 
the autonomic nervous system (visceral responses). Brown 
and Jenkins (1968), however, have shown that classical con­
ditioning procedures are also effective in establishing 
conditional reflexes involving directed skeletal movements.
Brown and Jenkins exposed 36 food-deprived pigeons, that had 
been trained to eat from the grain magazine, to key light 
presentations (CS+) which were reliably followed by grain 
presentations (US). The key light presentations were 8 sec 
in duration and occurred once every 60 sec on the average.
For all subjects, the pairing of the key light (CS+) with 
grain presentations (US) resulted in the elicitation of key 
pecks (CR) by the key light (CS+) even though key pecking 
was not required to produce grain presentations. This clas­
sical conditioning procedure is called autoshaping. The 
contingent relationship between the CS+ and the US is respon­
sible for conditioning when an autoshaping procedure is em­
ployed.
In the early 1930's Skinner identified instrumental 
conditioning as procedurally distinct from qlassical conditioning.
3Instrumental conditioning is established by arranging that 
a reinforcer (e.g., grain for a hungry pigeon) be delivered 
contingent upon a response (e.g., a key peck). As a result 
of this contingency the rate of the response will increase.
The contingent relationship between the response and the 
reinforcer is responsible for conditioning when an instru­
mental conditioning procedure is employed.
In order to demonstrate that the contingent relation­
ship between the CS+ and the US is indeed sufficient to estab­
lish and maintain key pecking, when an autoshaping procedure 
is employed, Williams and Williams (1969) developed the 
negative automaintenance procedure. This procedure is the 
same as autoshaping except that if the pigeon pecks the 
lighted key (CSn) the key light is terminated and the sub­
sequent reinforcer presentation is cancelled. Only key light 
presentations during which a key peck does not occur are 
followed by food. Consequently, pecks at the lighted key 
can not be adventitiously reinforced because key pecks are 
never followed by reinforcer presentations.
When exposed to a negative automaintenance procedure 
pigeons peck on a moderate percentage of trials, but never 
so often as to cancel all reinforcer presentations. In other 
words, as a result of key pecking the pigeon is successfully 
avoiding food on many trials. This finding is especially 
interesting because it is extremely difficult to establish 
key pecking when the consequence of responding is shock 
avoidance (Schwartz, 1973).
4Generalization of pecking at food in the presence of 
the magazine light to the CSn key light may be partially 
responsible for the key pecking one observes with a negative 
automaintenance procedure. However, pigeons that are exposed 
to a CS+ and a CS- following magazine training peck rarely, 
if at all, in the presence of the CS- (Wessells, 1973). This 
indicates that pecking in the presence of the magazine light 
or a CS+ is not sufficient to produce key pecking in the 
presence of a CSn.
Before concluding that Pavlovian stimulus (CS+) - 
reinforcer (US) contingencies are sufficient to establish 
and maintain key pecking, a number of alternative explana­
tions must be evaluated. For example, it is possible that 
the key pecking which occurs under Williams and Williams (1969) 
negative automaintenance procedure is the result of the rein­
forcing properties of a stimulus change (e.g., termination of 
the CSn) which is contingent upon a key peck. In order to 
control for this possibility Williams and Williams (1969) ex­
posed pigeons to a discriminative autoshaping procedure in 
which 6 sec presentations of the CS+ were followed by food 
and 6 sec presentations of another stimulus (CS-) were never 
followed by food. The only consequence of responding was 
termination of the CS-. Thus responses in the presence of 
the CS- led to the same stimulus change that occurred contin­
gent upon responses in the presence of the CSn in Williams 
and Williams (1969) negative automaintenance procedure. 
Responding was not maintained in the presence of the CS-;
5therefore the reinforcing value of stimulus change is not 
sufficient to account for maintained responding in the pres­
ence of the CSn. This control group does not eliminate the 
possibility that key pecking is maintained because termina­
tion of the CSn (which is contingent upon key pecks) has 
become a conditioned reinforcer due to the pairing of the 
CSn termination with food deliveries on trials when the sub­
ject does not respond (Schwartz, 1972). To control for this 
possibility Schwartz (1972) examined responding under a modi­
fied negative automaintenance procedure similar to that used 
by Williams and Williams (1969). The pairing of the CSn 
termination with food presentations, on trials when the pigeon 
did not respond, was eliminated by terminating the CSn after 
the food presentation. The contingency between responding and 
CSn termination was also eliminated by presenting the CSn for 
a fixed time (i.e., key pecks did not terminate the CSn). 
Pigeons exposed to these modifications in the negative auto­
maintenance procedure responded as often as those in the 
Williams and Williams (1969) study. These findings indicate 
that neither the pairing of the CSn termination with food 
presentations nor the contingency between responding and CSn 
termination are necessary to maintain responding on a negative 
automaintenance procedure. Evidently the classical condi­
tioning that results from the pairing of the key light with 
food presentations is sufficient to establish and maintain 
key pecking even when the instrumental contingency between 
key pecks and the cancellation of subsequent food presentations 
would tend to eliminate responding.
6Behavioral effects similar to those produced by negative 
automaintenance procedures (i.e., establishment of a response 
whose only consequence is the cancellation of a reinforcer) 
have also been found using other procedures. Wasserman (1973) 
found that chicks pecked and nuzzled a key that had been 
paired with the presentation of heat. These behaviors con­
tinued to be made even when the heat presentations were can­
celled contingent upon the pecking and nuzzling. Steirs and 
Silberberg (1974) observed that rats made contact with a lever 
when it was inserted into the chamber if it had been paired 
with food presentations. Lever contacts continued to be made 
when lever contacts cancelled the subsequent food presentation. 
Morrison (1974) found that pigeons pecked, "bowed", and 
"rooted" during stimulus presentations if the stimulus had 
been paired with water presentations. These behaviors con­
tinued to be made when v/ater presentations were cancelled 
contingent upon these behaviors. Murray (1974) has made simi­
lar observations with Siamese fighting fish (Betta splendens). 
Bettas reliably showed aggressive displays in the presence of 
a stimulus that had been paired with the presentation of a 
mirror which elicits the display. The aggressive display con­
tinued to be made when the mirror presentations were made 
contingent upon the non-occurrence of the display.
Similar effects have also been observed when there was 
no explicit contingency between the occurrence of the response 
and the cancellation of the subsequent reinforcer. Jenkins 
(in Hearst and Jenkins, 1974) used an apparatus in which the 
key light and the food magazine were located in different
7portions of the chamber. Jenkins found that pairing a key 
light with food presentations resulted in key pecking even 
though approaching and pecking the key meant that the pigeon 
could not get to the food magazine before the food presenta­
tion was over.
Despite the recent surge of research in classical con­
ditioning, most of the conditioning research conducted in the 
past 40 years has concentrated on instrumental conditioning, 
much of it dealing with discrimination learning. Discrimina­
tion learning is the process through which the environment 
comes to control an organism's behavior. In a discrimination 
an organism's behavior is typically reinforced in the presence 
of one stimulus (S+) but is not reinforced in the presence of 
another stimulus (S-). As a result the organism comes to 
respond in the presence of the S+ but stops responding in the 
presence of the S-. Although there is no contingent relation­
ship between the S+ presentations and the reinforcer presenta­
tions, if the subject responds, the onset of the S+ is reli­
ably followed by reinforcer presentations. Consequently the 
onset of the S+ may also serve as a CS+ and the presentation
of a reinforcer may also serve as a US. Both the contingent
relationship between responding and reinforcer presentations 
and the relationship between the CS+ (which is also the S+) 
and the US (which is also the reinforcer) are responsible for 
the conditioning when an instrumental discrimination procedure 
is employed.
Following exposure to an instrumental discrimination, if
the organism is then presented with the S- in conjunction with
8the S+ (a combined-cues test) there will be less responding 
than in the presence of the S+ alone. Evidently the S- func­
tions as a conditional inhibitor of the conditional excitation 
produced by the S+. The criteria for demonstrating inhibition 
require that a discrete external stimulus develops, as a 
result of conditioning "the capacity to decrease performance 
below the level occurring when the stimulus is absent" (Hearst, 
1972, p. 7). Likewise, the criteria for demonstrating excita­
tion require that a discrete external stimulus develops, as 
a result of conditioning "the capacity to increase performance 
above the level occuring when the stimulus is absent" (Hearst, 
1972, p. 7). These criteria may be met by employing a com­
bined-cues test. To assess the effects of conditioning, 
performance on the combined-cues test should be compared 
with performance in the presence of the compound prior to 
conditioning.
In addition to being important in order to understand 
the minimal conditions necessary to establish key pecking, 
the negative automaintenance procedure is theoretically im­
portant because of its relationship to the concepts of inhi­
bition and excitation. Consider what the pigeons are exposed 
to. If a pigeon pecked the key light on every presentation 
he would never receive any reinforcers. Consequently as a 
result of this instrumental response-no reinforcer contingency 
the key light would be expected to be inhibitory because it 
is a stimulus in the presence of which responding is not rein­
forced. If, however, a pigeon never responded, he would re­
ceive reinforcers following every key light,presentation.
9Consequently as a result of this relationship between a CS+ 
and a US the key light would be expected to become excitatory 
because it is a stimulus which is positively correlated with 
reinforcer presentations. A key light that is correlated 
with a negative automaintenance procedure (CSn) should become 
both excitatory and inhibitory because pigeons peck on only 
some of the trials. An experiment by Schwartz and Williams 
(1972a) suggests that the CSn does become both excitatory and 
inhibitory. Pigeons were exposed to a negative automainte­
nance procedure in the presence of one stimulus (CSn) and to 
a modified autoshaping procedure in the presence of another 
stimulus (CS+). The modification involved arranging that the 
CS+ be followed by food presentations only as often as the 
CSn is followed by food presentations. The pigeons responded 
significantly more slowly in the presence of the CSn than in 
the presence of the CS+ suggesting that the CSn was inhibitory. 
The excitatory and inhibitory properties of a CSn are investi­
gated further using tests that meet Hearst's (1972) criteria 
in Experiment 5 of the present series.
The inhibitory effects of an S- generalize to other test 
stimuli that are similar to the S-. As the similarity of 
these test stimuli to the S- increases the inhibiting effects 
of these stimuli will increase. For example, in an instru­
mental procedure Honig, Boneau, Burstein, and Pennypacker 
(1963) arranged that key pecks were reinforced on a variable 
interval 1-min schedule in the presence of a blank white key 
(S+) and that key pecks were not reinforced in the presence 
of a vertical black line on a white key (S-). When the pigeons
10
were subsequently presented with different orientations of 
the line the least amount of responding occurred in the pres­
ence of the stimuli that were the most similar to the S-, and 
the greatest amount of responding occurred in the presence 
of the stimuli that were, the most dissimilar to the S-. This 
type of finding is "necessary but not sufficient for defining 
inhibitory dimensional control. The specific stimulus at 
which responding is minimal must also be shown to be inhibi­
tory by some independent test, since it is logically possible 
that such a stimulus is relatively 'neutral' and the other 
values progressively more excitatory." (Hearst, Besley, and 
Farthing, 1970, p. 377) . Although an incremental gradient 
with a minimum at the S- does not demonstrate inhibition it 
does indicate dimensional control by the attribute of the 
multidimensional S- which is varied during the generalization 
test. All stimuli are multidimensional in that they can be 
defined as existing on many different continua (e.g., lumi­
nance, wavelength, size, etc.). Demonstrations of dimensional 
control by an attribute of a multidimensional stimulus can be 
taken as an operational definition of attention to that at­
tribute by the subject. By this definition, a subject may 
selectively attend to certain attributes of a multidimensional 
stimulus and not attend to others, as indicated by the slope 
of generalization gradients. Separate generalization tests, 
each varying a separate dimension of the multidimensional 
stimulus, are required to determine which dimensions a sub­
ject is selectively attending to.
11
The excitatory effects of an S+ also generalize to 
other test stimuli that are similar to the S+. Honig et al. 
(1963) also ran another group of subjects for whom the S+ 
and the S- were reversed. The S+ was a vertical black line 
on a white key and the S- was a blank white key. Honig et al. 
(1963) found that when the pigeons were presented with dif­
ferent orientations of the line the greatest amount of res­
ponding occurred in the presence of the stimuli that were the 
most similar to the S+, and the least amount of responding 
occurred in the presence of the stimuli that were the most 
dissimilar to the S+. These experiments indicate that the 
excitation and inhibition that develop during discrimination 
training generalize to test stimuli similar to the training 
stimuli.
The generalization of excitation and inhibition has 
usually been studied after discrimination training which in­
volved an explicit instrumental contingency between a response 
and a reinforcer in the presence of the S+ and no such contin­
gency (and no reinforcers) in the presence of the S-. However, 
responding can be established and maintained with a Pavlovian 
conditioning procedure which involves no response-reinforcer 
contingency. As described above, when pigeons are presented 
with a CS+ (e.g., a red key light of 10 sec duration) which 
is always followed by food, regardless of whether responding 
occurs, the pigeon will come to respond (peck at the key) 
during the CS+ presentations (Brown and Jenkins, 1968) . Dis­
criminations can also be learned using Pavlovian conditioning 
procedures (e.g., autoshaping). If the pigeons were also
12
presented with a CS- (e.g., a green key light of 10 sec dura­
tion) which was never followed by food, they would respond 
rarely, if ever, during the CS- presentations (Wessells, 1973) .
Wessells (1973) has shown that the CS- in a discrimina­
tive autoshaping procedure becomes inhibitory. Wessells' 
work will be discussed in greater detail in a later section 
of this dissertation. Although the establishment of condi­
tional inhibition has been demonstrated following training 
with various classical conditioning procedures there is a 
lack of data on inhibitory dimensional control following ex­
posure to these procedures.
Most of the research on inhibitory dimensional control 
has employed instrumental discrimination procedures which in­
volve an explicit response-reinforcer contingency in the 
presence of the S+ and no such contingency (and no reinforcers) 
in the presence of the S-. Because of the role classical 
conditioning plays in these procedures, data on inhibitory 
dimensional control following classical conditioning would 
allow a more complete understanding of the experiments which 
employed instrumental discrimination procedures and demon­
strated inhibitory dimensional control. Data on inhibitory 
dimensional control following exposure to discrimination 
training with a classical conditioning procedure would also 
allow a more complete understanding of the conditions neces­
sary to produce inhibitory dimensional control. The instru­
mental discrimination training procedures which have typically 
been employed contain many factors that may be necessary for 
producing inhibitory dimensional control in addition to the
13
negative correlation between the S- and reinforcement. For 
example, Honig et al. (1963) used a procedure in which the 
S- was introduced after responding had been established in 
the presence of the S+, so that a considerable amount of non­
reinforced responding in the presence of the S- probably 
occurred. Perhaps the inhibitory properties of an S- depend 
on the suppression of responding in its presence (Terrace,
1966). Work by Rilling, Caplan, Howard, and Brown (1975) 
and Karpicke and Hearst (1975), however, indicates that extinc­
tion of responding in the presence of the S- is not necessary 
to establish inhibitory dimensional control. In both experi­
ments pigeons were trained with a discrimination procedure 
that involved the gradual introduction of the S- early in train­
ing. This fading procedure typically results in few if any 
responses in the presence of the S- (Terrace, 1963). Using 
a generalization test similar to that employed by Honig et al. 
(1963), Terrace (1966) has found flat generalization gradients 
around the S- if the subjects learned the discrimination with­
out responding in the presence of the S-. In Terrace's (1966) 
experiment, however, response rates in the presence of all 
test stimuli were very low. Consequently, the failure to 
find evidence of inhibitory dimensional control may have been 
due to a floor effect. In order to avoid this problem Rilling 
et al. (1975) and Karpicke and Hearst (1975) reinforced res­
ponding in the presence of all test stimuli during the gen­
eralization test. This resistance to reinforcement test 
provided an above zero baseline against which to measure the 
generalized inhibitory effects of the S-. In both experiments
14
the generalization gradients had minima at the S-. Rilling 
et al. (197 5) also demonstrated that a control group which 
was not exposed to the discrimination training procedure 
responded significantly more in the presence of all the test 
stimuli during the resistance to reinforcement test than did 
pigeons that were exposed to the discrimination. This between 
groups comparison indicates that the S- became inhibitory.
The S- suppressed acquisition of responding for the group 
that had the discrimination training below that of the con­
trol group for whom the test stimuli were novel. Although 
the combined-cues test is more closely related to Hearst's 
(1972) criteria for demonstrating inhibition, Hearst (1972) 
also feels that resistance to reinforcement tests are valid 
methods of testing for the establishment of conditional inhi­
bition. Rilling et al. (1975) also demonstrated that when 
the S- was compounded with the S+, responding was suppressed 
significantly below that found in the presence of the S+ 
alone. The work of Rilling et al. (1975) and Karpicke and 
Hearst (1975) indicate that even when pigeons never respond 
in the presence of an S-, the S- becomes inhibitory and the 
inhibition generalizes to stimuli that are similar to the S-.
Another factor that might have been necessary for the 
establishment of inhibitory dimensional control in the Honig 
et al. (1963) study is that the pigeons were exposed to a 
response-reinforcer contingency in the presence of a stimulus 
(S+) which led to responding in the presence of the S+. As 
a result of this contingency, there was also a positive cor­
relation between the S+ and reinforcers. This correlation
15
can be further broken down into a correlation between the S+ 
and the presentation of the reinforcer, and a correlation 
between the S+ and the consumption of the reinforcer. The 
presence of a discrete S+, independent of its relationship 
with other events, might also be important in and of itself. 
Any or all of these factors might be necessary in addition 
to the negative correlation between the S- and reinforcers 
in order to establish inhibitory dimensional control. The 




Experiment 1 attempts to establish inhibitory dimensional 
control by arranging only a negative correlation between a CS- 
and reinforcer presentations. All of the other factors pre­
sent in the Honig et al. (1963) study are eliminated. The 
negative correlation is accomplished by arranging that visible 
but inaccessible food be presented randomly in time for a 40 
sec period following the presentation of the CS-. The food 
was made inaccessible because when pigeons are exposed to a 
negative correlation between a CS- and accessible food they 
may acquire overt movements away from the CS- (Hearst and 
Jenkins, 1974), whereas the use of inaccessible food results 
in no such overt movements (Browne, 1974). Browne (1974) 
has demonstrated that a group of pigeons exposed to a negative 
correlation between a key light and visible but inaccessible 
food showed a slower acquisition of key pecking to the key 
light in an autoshaping procedure than a control group that 
was exposed to a zero correlation between the key light and 
visible but inaccessible food. Thus the key light was inhi­
bitory as defined by resistance to reinforcement. Consequently 
the present study need only concentrate on investigating dimen­
sional control following exposure to a negative correlation 
between a CS- and reinforcers in order to determine the minimal 
conditions for establishing inhibitory dimensional control.
16
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In order to assess dimensional control following ex­
posure to only a negative correlation between a CS- and 
reinforcers, a resistance to reinforcement test of dimen­
sional control developed by Sperling, Perkins, Duncan, and 
Lewis (1974) had to be used. A combined-cues test could not 
be used because there is no CS+ with which to compound the 
CS—. A standard resistance to reinforcement test in which 
reinforcers are contingent upon key pecks could not be used 
either, because the absence of key pecking during training 
makes it very unlikely that the pigeons would make contact 
with the reinforcement contingency. The test that was used 
involves measuring resistance to autoshaping. Stimuli vary­
ing in degree of similarity to the CS- are each individually 
presented and followed immediately by food. The rate of ac­
quisition at each stimulus value is assumed to reflect the 
generalization of inhibition from the CS-.
Method
Subjects
Four experimentally naive White Carneaux pigeons were 
maintained at 80% of their free-feeding weights.
Apparatus
A Lehigh Valley Electronics chamber was used. A stan­
dard microswitch pigeon key was centrally located 25 cm above 
the floor of the chamber. The key required 17 g to operate 
the microswitch and 18 g for full excursion of 4 mm. The 5.08 
cm aperture for the food magazine was located 9 cm directly 
below the key. A template was placed behind the 2.54 cm
18
circular key in order to reduce the diameter of the lighted
area to 1.9 cm. The key was illuminated by passing collimated
light from a GE CVY bulb through interference filters and
neutral density filters. The 570 nm key light emitted 39.4 
2
candelas/m . Neutral density filters were placed in line 
with each interference filter in an attempt to make the dif­
ferent wavelength key lights equally bright to the pigeon.
This was accomplished by using a photometer, the human lumi­
nosity function (CIE, 1924) and the pigeon photopic luminosity 
function (Blough, 1957) .
Procedure
On the first of three days of magazine training, the 
feeder remained operated until the pigeon ate. The feeder 
duration was then gradually reduced to 3 sec. The pigeons 
received 60 food presentations per day on a variable time (VT) 
40 sec schedule. On the day following magazine training the 
intelligence panel was covered with a piece of Plexiglas which 
blocked access to the food magazine and the response key. The 
pigeons were exposed to a negative correlation between a 570 
nm key light and visible but inaccessible food presentations. 
The key was illuminated once every 90 sec for 10 sec. Food 
presentations never occurred during the 40 sec following the 
key light. Visible but inaccessible food presentations were 
arranged by a VT 20 sec schedule during the period from 40 to 
80 sec after the 570 nm key light. In other words visible 
but inaccessible food was presented on a VT 20 sec schedule 
except during a 50 sec period following the onset of the CS-.
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Each subject received 40 key light presentations per day for 
7 days.
The Plexiglas was then removed and the pigeons were ex­
posed to a resistance to autoshaping test for inhibitory dimen­
sional control. Eleven different wavelength key lights (520, 
528, 538, 552, 561, 570, 582, 588, 597, 607, and 618 nm) were 
each individually presented and followed by accessible food.
All key light presentations occurred 80 sec after the previous 
key light presentation and were of 10 sec duration. Each 
wavelength key light was presented four times per session, 
once in each of four random orders of the eleven stimuli.
Key pecks in the presence of each of the eleven wavelength 
key lights and during the intertrial interval were recorded.
Results and Discussion
Figure 1 presents the number of responses in the presence 
of each of the eleven wavelength key lights on the first and 
second day of generalization testing. On the first day of 
generalization testing all four subjects responded at low 
levels in the presence of all eleven test stimuli. Pigeons 
28 and 29 began responding at substantial rates in the presence 
of all the test stimuli (range 11 - 84 responses per min) on 
the second day of testing. During four additional days of 
generalization testing there were no systematic changes in 
responding as a function of wavelength for Pigeons 28 and 29.
Pigeons 30 and 31 showed gradual increases in responding 
during 21 days of generalization testing. Pigeon 30 responded 
maximally on the eleventh day of testing (57 responses per
20
Figure 1. The number of responses per 4 ten sec test 
stimulus presentations is presented as a function of wave­
length (nm). In Experiment 1 the resistance to autoshaping 
test for dimensional control followed training with exposure 
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minute in the presence of the 552 nm key light) and Pigeon 31 
responded maximally on the sixteenth day of testing (15 
responses per minute in the presence of the 520 nm key light).
The gradients in Figure 1 do not indicate inhibitory 
dimensional control in that the least amount of responding 
was not consistently in the presence of the CS-. A trial by 
trial examination of responding during the generalization 
test also failed to reveal any evidence of inhibitory dimen­
sional control for any of the pigeons.
Experiment 1 is very similar to two experiments by 
Browne (1974). In Experiment 1 the CS- key light was followed 
by a 40 sec period during which visible but inaccessible food 
presentations did not occur. In Browne's work the CS- key 
light and inaccessible food presentations were presented on 
independent VT-60 sec schedules with the exception that the 
CS- key light was followed by either a 20 sec or 80 sec period 
during which visible but inaccessible food presentations did 
not occur. Browne was able to conclude that the key light 
was inhibitory because for subjects exposed to the negative 
correlation between the key light and visible but inaccessible 
food presentations the acquisition of key pecking during a 
resistance to autoshaping test was retarded relative to a 
novel stimulus control group. Browne's work indicates that 
comparisons with the appropriate control groups would reveal 
that the training procedure employed in Experiment 1 resulted 
in the key light becoming inhibitory. Acquisition during the 
resistance to autoshaping test in Experiment 1 was quite
variable across subjects (see Figure 1). Consequently com­
parisons with the other experiments in this series will not 
be made.
III. EXPERIMENT 2
The failure to establish inhibitory dimensional control 
with the procedure used in Experiment 1 may have been due to 
the low saliency of the food presentations. The 570 nm key 
light predicted the absence of visible but inaccessible food. 
Perhaps pairing the 570 nm key light with the absence of 
accessible food would lead to the establishment of inhibitory 
dimensional control. The absence of inhibitory dimensional 
control in Experiment 1 might also have occurred as a result 
of the pigeons attending to the presence or absence of a key 
light rather than the wavelength of the key light. To control 
for this possibility, the key was illuminated with white light 
during the intertrial interval and changed to the 570 nm key 
light prior to a period when food was not available.
Method
Subj ects
Four experimentally naive White Carneaux pigeons were 
maintained at 80% of their free-feeding weights.
Apparatus
The apparatus was the same as in Experiment 1, with the
o
addition of a white key light which emitted 42.8 candelas/m . 





Magazine training was the same as in Experiment 1 except 
it lasted 5 days instead of 3 days. On the day following 
magazine training, the pigeons were exposed to the same nega­
tive correlation between a 570 nm key light and food presenta­
tions used in Experiment 1 except that the food was accessible, 
and the key was illuminated white during the intertrial inter­
val. Each subject received forty 570 nm key light presentations 
per day for 5 days.
The pigeons were then exposed to a resistance to auto­
shaping procedure. Seven different wavelength key lights (538, 
552, 562, 570, 582, 588, and 597 nm) were each individually 
presented and followed by accessible food. The number of test 
stimuli was reduced from eleven to seven in order to reduce 
the number of key light-food pairings necessary to establish 
a generalization gradient.
Results and Discussion
Figure 2 presents the number of responses in the presence 
of the seven different wavelength key lights on the first and 
second day of generalization testing. Data for the fourth day 
of generalization testing are also presented for Pigeon 33 
because this was the first day he responded at a level signifi­
cantly above zero. Neither Pigeon 32 or 35 ever made more 
than 8 responses in a session. None of the pigeons showed 
evidence of inhibitory dimensional control in any of 16 days 
of testing. A trial by trial examination of responding also 
failed to reveal any indication of inhibitory dimensional
26
Figure 2. The number of responses per 7 ten sec test 
stimulus presentations is presented as a function of wave­
length (nm). In Experiment 2 the resistance to autoshaping 
test for dimensional control followed training with exposure 
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control. The failure to establish inhibitory dimensional 
control with the procedure used in Experiment 2 indicates 
that the pairing of a stimulus with the absence of food is 
not sufficient to establish inhibitory dimensional control.
IV. EXPERIMENT 3
Using response-reinforcer contingencies, Jenkins and 
Harrison (1960) found that exposure to an S- in addition to 
an S+ was necessary in order to produce excitatory dimensional 
control. Although other investigators have found dimensional 
control without using an explicit discrimination procedure, it 
is generally found that exposure to an S- in addition to an 
S+ will lead to sharper dimensional control by S+ (e.g., 
Switalski, Lyons, and Thomas, 1966). Accordingly, this experi 
ment employed a CS+ correlated with intermittent food to ascer 
tain whether a symmetrical result would be obtained.
Method
Subjects
Four experimentally naive White Carneaux pigeons were 
maintained at 8 0 % of their free-feeding weights.
Apparatus
The same as was used in Experiment 2.
Procedure
Magazine training was the same as in Experiment 2. On 
the day following magazine training all subjects were exposed 
to 20 10-sec presentations of a white key light and 20 10-sec 
presentations of a 57 0 nm key light in double alternation.
The white key light (CS+) was followed by 40'sec during which
29
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food was presented on a VT 20-sec schedule. This 4 0 sec 
period was followed by 40 sec during which food was never
presented. The 570 nm key light (CS-) was followed by 40
sec during which food was never presented. This 40 sec
period was followed by 40 sec during which food was presented
on a VT 20-sec schedule. Following 10 days of training, two 
of the pigeons (36 and 37) were exposed to a resistance to 
autoshaping procedure. This generalization testing procedure 
was the same as that used in Experiment 2 except that the 
white key light (CS+) was presented in addition to the seven 
different wavelength key lights and the key was dark between 
test stimulus presentations. Each key light was presented 
6 times per session, once in each of 6 random orders of 8 
stimuli.
All pigeons received 12 additional days of training with 
food presented immediately following all white key presenta­
tions in addition to the 40 sec period of VT 20 sec after each 
CS+. Pigeons 38 and 39 were then'exposed to the same generali­
zation testing procedure as Pigeons 36 and 37.
Results and Discussion
Exposure to a CS+ that reliably predicted a period of 
time in which food was presented on a VT 20-sec schedule did 
not lead to substantial responding in the presence of the CS+. 
Pigeons 36 and 37 never responded in the presence of the CS+. 
Pigeons 38 and 39 began responding when the CS+ was paired 
with immediate food presentations in addition to predicting 
a 40 sec period with food delivered on a VT 20-sec schedule.
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The maximum number of responses per session was 47 responses 
for Pigeon 38 and 39 responses for Pigeon 39. Pigeons 36 and 
37 did not respond when the CS+ was paired with immediate food 
presentations in addition to predicting a 40 sec period with 
food delivered on a VT 20-sec schedule. This difference between 
Pigeons 38 and 39 and Pigeons 36 and 37 may have resulted from 
the latter two pigeons1 previous exposure to the resistance to 
autoshaping generalization test.
Generalization gradients are not presented for Pigeons 
36 and 37 because they both failed to respond during the resis­
tance to autoshaping test for inhibitory dimensional control. 
This failure may be related to the absence of responding in 
the presence of the CS+ during training.
Figure 3 presents the number of responses in the presence 
of the 7 different wavelength key lights on the first and 
second day of generalization testing for Pigeons 38 and 39, 
which were exposed to immediate food after each CS+. The 
number of responses in the presence of the CS- prior to the 
generalization test is presented in parentheses next to the 
pigeon numbers. The number of responses in the presence of 
the CS+ during each day of generalization testing is presented 
in parentheses next to each day's gradient. There is no evi­
dence for inhibitory dimensional control. The gradients for 
Pigeon 39 actually indicate excitatory dimensional control.
32
Figure 3. The number of responses per 6 ten sec test 
stimulus presentations is presented as a function of wave­
length (nm). In Experiment 3 the resistance to autoshaping 
test for dimensional control followed training with exposure 
to a positive correlation between a CS+ (white key) and ac­
cessible food in addition to the negative correlation between 
the CS- (570 nm) and accessible food. The number of responses 
in the presence of the CS- prior to the generalization test 
is presented in parentheses next to the pigeon numbers. The 
number of responses in the presence of the CS+ during each 
day of generalization testing is presented in parentheses next 
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Although the training procedure in Experiment 3 included 
a CS+ in addition to a CS-, responding in the presence of the 
CS+ was rather low. Experiment 4 strengthens the positive 
correlation between CS+ and food and the negative correlation 
between CS- and food, by presenting food immediately follow­
ing the CS+ key light presentations and never otherwise. This 
should increase responding in the presence of the CS+. The 
CS- key light which was never followed by food was presented 
in a double alternation with the CS+. The use of this discrim­
inative autoshaping procedure, similar to that used by Wessells 
(1973), should lead to sustained CS+ responding, and establish 
the CS- as a conditioned inhibitor as assessed by combined- 
cues and resistance to reinforcement tests. Whether inhibitory 
dimensional control will also occur is not known.
In addition to the resistance to reinforcement test used 
in Experiments 1, 2, and 3, Experiment 4 also uses a combined- 
cues test to assess dimensional control. The combined-cues 
test involves presenting an attribute of the CS+ in a compound 
with stimuli varying in degree of similarity to the CS-. The 
CS- is superimposed on all test stimuli in order to establish 
an above zero response level against which to measure the in­
hibitory effects of the CS-. The compounding of the CS+ and 
CS- which occurs during the combined-cues test provides an oppor­





Eight experimentally naive White Carneaux pigeons were 
maintained at 80% of their free-feeding weights.
Apparatus
The same that was used in Experiments 2 and 3 except
the CS+ was a white key with a 0.635 cm black dot centrally
2
located. The CS+ emitted 58.2 candelas/m . The CS+ was il­
luminated by passing collimated light from the GE DVY bulb 
through a neutral density filter with a black dot on it.
Procedure
Magazine training was the same as in Experiments 2 and 
3 except the subjects received 6 rather then 5 days of train­
ing. On the day following magazine training all subjects were 
exposed to 48 10-sec presentations of the white key light with 
a black dot (CS+) which were all immediately followed by food. 
Following 8 days of training with the CS+ alone, 570 nm key 
light presentations (CS-) which were never followed by food, 
were introduced in a double alternation with the CS+ presenta­
tions. After 10 days of discriminative autoshaping all sub­
jects were exposed to 4 days of a combined-cues test for inhi­
bitory dimensional control. The black dot was superimposed 
on each of the seven different wavelength key lights and the 
white key light. None of the stimuli were ever followed by 
food during this test. Each different wavelength key light 
and the CS+ were presented 6 times per session, once in each 
of 6 random blocks of 8 stimuli.
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Following the combined-cues test all subjects were 
retrained with 5 days of discriminative autoshaping identical 
to the 10 days of training that preceded the combined-cues 
test. All subjects were then exposed to 4 days of the resis­
tance to autoshaping test for inhibitory dimensional control 
that was identical to that used in Experiment 3 except that 
the CS+ was a black dot on a white key.
Results and Discussion
Pigeon 486 was dropped from the experiment because he 
stopped eating when the CS+ was first introduced and never 
pecked the key. Table 1 presents response rates for the 
other birds during the last 3 sessions with the CS+ alone, 
the last 3 sessions before the combined-cues test and the 
last 3 sessions before the resistance to autoshaping test. 
Although there was quite a bit of variability in response 
rate across pigeons, each pigeon was fairly stable across 
conditions. Comparison of response rates before and after 
introduction of the CS- gave no consistent indication of in­
creases in the response rate in the presence of the CS+ when 
the CS- was introduced (see Table 1).
Figure 4 presents response rates on the first and second 
day of the combined-cues test as a function of the wavelength 
of the key light. Six of the 7 pigeons showed evidence of 
inhibitory dimensional control on at least the first or second 
day of testing. There was no responding on the third day of 
testing for 4 of the 7 subjects and very little responding by 
the other 3 subjects. Response rates in the presence of the
TABLE 1
MEAN RESPONSES PER MINUTE IN THE PRESENCE OF THE CS+ 
DURING THE LAST THREE SESSIONS OF EACH CONDITION
CS+ and CS- Presentations CS+ and CS- Presentations
Prior to the Prior to the
Combined Cues Test Resistance to
Autoshaping Test
40 159.4 250.6 303.6
41 16.8 6.3 5.1
42 141.7 139.9 149.0
43 113.8 100.3 125.0
484 10,5 30.9 24.8
485 45.4 51.9 38.4







Figure 4. Responses per minute in the presence of 
each test stimulus presentation is presented as a function 
of wavelength (nm). In Experiment 4 the combined-cues test 
for dimensional control followed training with a discrimina­
tive autoshaping procedure. The number of responses in the 
presence of the CS- prior to the generalization test is 
presented in parentheses next to the pigeon numbers. The 
number of errors for Pigeons 4 84 and 48 5 does not include 
the first day of discriminative autoshaping. The response 
rates in the presence of the CS+ are presented in parentheses 
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CS+ are presented in parentheses next to each gradient in 
Figure 4. Pigeons 484 and 41 responded faster in the pres­
ence of the shorter wavelength stimuli than they did in the 
presence of the CS+. All pigeons responded at a lower rate 
in the presence of the cpmpound of the CS+ and CS- than they 
did in the presence of the CS+. The experimental design pro­
hibits determining whether the lower response rates in the 
presence of the compound was the result of conditioned inhi­
bition or generalization decrement.
Wessells (1973) has shown that after discrimination 
training with a Pavlovian conditioning procedure, similar to 
that used in Experiment 4, the CS- has inhibitory effects.
When the pigeons that received discrimination training were 
exposed to a combined-cues test involving presentations of 
the CS- in conjunction with the CS+ they responded significantly 
less during the combined-cues test than another group of pigeons 
that was trained with the CS+ alone and tested with the same 
stimulus compound. A resistance to autoshaping test also in­
dicated that the CS- was inhibitory. When the CS- and a novel 
stimulus were both separately paired with food presentations 
after discrimination training, the acquisition of key pecking 
in the presence of the CS- was retarded relative to the ac­
quisition of key pecking in the presence of the novel stimulus.
The number of responses each subject made in the presence 
of the CS- prior to the combined-cues test is presented in 
parentheses next to the pigeon number in Figure 4. The number 
of errors for Pigeons 484 and 485 does not include the first 
day of discriminative autoshaping because of. a recording
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failure. Substantial responding in the presence of the CS- 
and its extinction during training does not appear to be 
necessary to establish inhibitory dimensional control.
After exposure to the combined-cues test the subjects 
received 5 days of the discriminative autoshaping procedure. 
All subjects recovered their baseline response rates prior to 
the resistance to autoshaping test for inhibitory dimensional 
control (see Table 1). Figure 5 presents responses per minute 
on the first and second day of the resistance to autoshaping 
test as a function of the wavelength of the key light. There 
are suggestions of inhibitory dimensional control for most of 
the pigeons whose data are presented in Figure 5. A trial 
by trial examination of responding during the first day of 
the resistance to autoshaping test provides a more compelling 
demonstration of inhibitory dimensional control. Figure 6 
presents cumulative responses for the second through sixth 
presentation of each wavelength key light, during the first 
day of resistance to autoshaping.' Data for Pigeon 41 are not 
presented because he did not respond during the first day of 
testing. Pigeon 41 began responding slowly on the second day 
of testing but never showed any sign of inhibitory dimensional 
control.
All subjects that responded on the first day of testing 
showed some evidence of inhibitory dimensional control, at 
least one gradient with a minimum at the CS-. Evidence for 
inhibitory dimensional control was generally found only during 
the first day of testing.
42
Figure 5. Responses per minute in the presence of 
each test stimulus is presented as a function of wavelength 
(nm). In Experiment 4 the resistance to autoshaping test 
for dimensional control followed training with a discrimina­
tive autoshaping procedure. The response rates in the 
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Figure 6. The cumulative number of responses for the 
second through sixth presentation of each ten sec test 
stimulus presentation is presented as a function of wave­
length (nm). In Experiment 4 the resistance to autoshaping 
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Cumulative responses in the presence of the CS+ during 
the first day of testing are presented in parentheses next to 
each gradient in Figure 6. With the exception of Pigeon 4 84 
all subjects responded at lower rates in the presence of the 
stimuli on the wavelength continuum than in the presence of 
the CS+. Pigeon 484 only responded at higher rates in the 
presence of the shorter wavelength stimuli (538 nm and 552 nm). 
Even though all subjects responded at a lower rate in the 
presence of the CS- than in the presence of the CS+, it can 
not be assumed that conditioned inhibition has been established 
since the CS- may only be less excitatory. Wessells (1973), 
however, has found slower acquisition to a CS- than to a novel 
stimulus in a resistance to autoshaping procedure, following 
exposure to a training procedure similar to that used on Ex­
periment 4. The number of responses each subject made in the 
presence of the CS- prior to the resistance to autoshaping 
test is presented in parentheses next to the pigeon number in 
Figure 6. For Pigeons 484 and 485 the number of errors does 
not include data from the first day of discriminative auto­
shaping. Again errors do not appear to be necessary to estab­
lish inhibitory dimensional control. These findings support 
the conclusions of Rilling et al. (1975) and Karpicke and 
Hearst (1975) that the extinction of responding in the presence 
of the S- is not necessary to establish inhibitory dimensional 
control in an instrumental discrimination procedure.
A number of gradients in Figures 4, 5, and 6 are asym­
metrical. The pigeons often responded at higher rates in the
47
presence of the shorter wavelength key lights than they did 
in the presence of the longer wavelength key lights. A 
number of investigators (Karr and Carter, 1970; Rosen, 1970; 
Selekman, 1973) have found elevated responding to short wave­
lengths (510-560 nm) by prediscrimination control groups.
The prediscrimination control group in Selekman's (1973) 
work was exposed to an S+ (white key) but no S- during train­
ing followed by a generalization test during which the pigeons 
were presented various wavelength stimuli (range 490-670 nm).
VI. EXPERIMENT 5
Demonstrations of the classical conditioning of key 
pecking have led to examinations of the response topography 
in order to determine if key pecks that result from pairing 
a key light with food presentations are identical to those 
that result from a key peck reinforcer contingency. Schwartz 
(1977a) and Schwartz and Williams (1972b) found that pecks 
were almost exclusively shorter than 20 msec in duration 
during negative automaintenance. Key pecks maintained by 
instrumental contingencies, however, were generally longer 
than 20 msec in duration. Early in training, all key pecks 
were of short duration, independent of the procedure (Schwartz 
and Williams, 1972b; Schwartz, 1977a). During the course of 
acquisition with an instrumental contingency the median key 
peck duration became longer. Evidently key pecking is ini­
tially the result of the key light being paired with food 
even when an instrumental contingency exists. Schwartz also 
found that after extended training with a positive automain­
tenance procedure, the key pecks generally became long (i.e., 
similar to those found after exposure to instrumental contin­
gencies) . This finding is compatible with the argument that 
key pecking resulting from an autoshaping procedure is main­
tained in part by the adventitious relationship between key 
pecking and reinforcer presentations.
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It has also been shown that short duration key pecks 
are insensitive to instrumental contingencies. Schwartz and 
Williams (197 2b) found that differential reinforcement of 
short duration key pecks did not increase their frequency, 
while long duration key pecks were sensitive to differential 
reinforcement. Schwartz (1977b) has also found that punish­
ment of long duration pecks (35-50 msec) reduced their proba­
bility while punishment of short duration pecks (10-25 msec) 
did not reduce their probability. These experiments indicate 
there are two distinct classes of key pecks, each subject to 
different sources of control: key pecks which result from key 
light food pairings (short duration) and key pecks which re­
sult from a key peck reinforcer contingency (long duration). 
This distinction between short and long duration key pecks 
will be reintroduced shortly in an attempt to gain a better 
understanding of generalization gradients following exposure 
to a negative automaintenance procedure.
Although generalization gradients have not been examined 
following a negative automaintenance procedure, they have been 
established following training on schedules of differential 
reinforcement of other behavior (DRO schedules) (Nevin, 1968; 
Weisman, 1970) . DRO schedules arrange response independent 
reinforcer presentations if the subject has not made a specific 
response for a period of time. A negative automaintenance 
procedure can be thought of as a discrete trials form of a 
DRO schedule. During training Nevin (1968) and Weisman (1970) 
alternated presentations of a stimulus correlated with a
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positive response-reinforcer contingency with presentations 
of another stimulus correlated with a DRO schedule. When 
the reinforcement frequency was the same in both components 
both investigators found evidence of the generalization of 
inhibition. Nevin (1968), however, found that as the frequency 
of reinforcement increased in the DRO schedule there was no 
longer evidence of the generalization of inhibition. These 
findings are consistent with the hypothesis that a stimulus 
correlated with negative automaintenance or DRO schedules 
becomes both excitatory and inhibitory. As the reinforcement 
frequency increases in the DRO component one would expect the 
stimulus correlated with that component to become more excita­
tory due to the stronger correlation between the stimulus and 
reinforcer presentations. Evidently the increased generalized 
excitation resulting from the higher reinforcement frequencies 
on the DRO schedule combined with the generalized inhibition 
to yield a flat gradient. Had Nevin (1968) been able to 
separate the effects of classical and instrumental condition­
ing he might well have found both excitatory and inhibitory 
gradients.
The first step in evaluating the explanation of empiri­
cal generalization gradients following DRO schedules proposed 
above is to independently demonstrate the existence of an 
excitatory gradient and inhibitory gradient. This can not 
be done by using a training procedure in which the excitatory 
stimulus and the inhibitory stimulus are on orthogonal dimen­
sions because the excitatory and the inhibitory stimulus are
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the same stimulus. The work by Schwartz (1977a) and Schwartz 
and Williams (1972b) discussed above suggest that an examina­
tion of key peck durations during the establishment of a 
generalization gradient following training on a negative auto­
maintenance procedure shpuld reveal gradients with a minimum 
at the CSn for long duration key pecks due to the negative 
instrumental contingency and a gradient with a maximum at the 
CSn for the short duration key pecks due to the key light 
pairings. As Hearst (1972) has pointed out, a gradient with 
a minimum at the CSn does not necessarily indicate that the 
CSn is inhibitory because it is logically possible that the 
CSn is relatively less excitatory rather than inhibitory. In 
order to demonstrate that the CSn is inhibitory a presentation 
of the CSn in conjunction with a CS+ (a combined-cues test) 
must be shown to suppress responding below the level in the 
presence of the CS+ alone.
Experiment 5 investigates the generalization of excita­
tion and inhibition following a negative automaintenance pro­
cedure by measuring key peck durations during the test for 
dimensional control. A combined-cues test is also incorporated 
into the design in order to ascertain whether the CSn is 




Six experimentally naive White Carneaux pigeons were 
maintained at 80% of their free-feeding weights.
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Apparatus
The same as was used in Experiment 4 with the following
exceptions. A Ralph Gerbrands normally closed pigeon key was
used. The key required 10 g to operate and 16 g for full
2
excursion of 4 mm. The CS+ emitted 41.0 candelas/m and the
2
570 nm key light emitted 29.1 candelas/m . A solid state 
pulse former was devised for recording operations of the nor­
mally closed key. Key peck durations were recorded by mea­
suring the voltage change caused by a capacitor discharging 
when the key was operated. A permanent record was obtained 
by photographing an oscilloscope which measured the changes 
in voltage.
Procedure
Magazine training was the same as in Experiments 2 and 
3. Following magazine training the pigeons received 14 days 
of training with a stimulus (CS+) which was always followed 
by 3 sec food presentations. All key light presentations 
were separated by 90 sec and were 8 sec in duration through­
out the experiment.
At the end of training with the CS+ (a white key with 
a black dot) alone, the subjects were exposed to 6 probe 
presentations of the black dot superimposed on the 570 nm 
key light to assess the effects of the stimulus compound be­
fore negative automaintenance training. The probe presenta­
tions were not followed by food presentations. If the probe 
presentations had been followed by food presentations the 
differences between responding during the probe presentations
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and responding during the combined-cues test would be diffi­
cult to interpret. The pigeons were next exposed to 14 days 
of training with a 570 nm key light (CSn) correlated with 
negative automaintenance in a double alternation with the 
CS+. The correlation of the CS+ with food presentations was 
modified at this time such that the probability of a CS+ being 
followed by food approximately equalled the probability that 
the CSn was followed by food on the previous three days. 
Following training with the CS+ and the CSn the subjects were 
exposed to 4 days of a combined-cues test for dimensional 
control. The generalization gradient was established by super­
imposing the black dot on each of 7 different wavelength key 
lights and the white key light. None of the stimuli were 
followed by food presentations during this test. Each dif­
ferent wavelength key light and the CS+ were presented 4 times 
per session, once in each of 4 random blocks of 8 stimuli.
This test procedure is the same as that used in Experiment 4 
except that 4 rather than 6 blocks of 8 stimuli were used.
This combined-cues test was used in order to establish an 
above zero level of long duration key pecks against which to 
measure the generalized inhibitory effects of the CSn. The 
combined-cues test also allows an evaluation of the excitatory 
and/or inhibitory properties of the CSn that meets Hearst's 
(1972) criteria. A greater number of short duration key pecks 
in the presence of the CS+ and CSn during the combined-cues 
test than during the probe presentations would indicate the 
CSn became excitatory for key pecks induced by the correla­
tion between the CSn and food presentations. A smaller number
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of long duration key pecks in the presence of the CS+ and 
CSn during the combined-cues test than during the probe 
presentations would indicate the CSn also became inhibitory 
for instrumental key pecks as a result of responses in the 
presence of the CSn not being reinforced.
Following the combined-cues test all subjects were re­
trained with 5 days of CS+/CSn discriminative autoshaping 
identical to the training that preceded the combined-cues 
test. All subjects were then exposed to 4 days of a resis­
tance to autoshaping test for inhibitory dimensional control. 
Each different wavelength key light and the CS+ were presented 
and followed by a food presentation 4 times per session, once 
in each of 4 random blocks of 8 stimuli.
Results and Discussion
Pigeon 46 was dropped from the experiment prior to the 
introduction of the CSn because he was not reliably eating 
from the food magazine. Table 2 presents response rates for 
the remaining birds during the last three sessions with the 
CS+ alone, the last three sessions before the combined-cues 
test and the last three sessions before the resistance to 
autoshaping test. Comparisons of response rates before and 
after introduction of the CSn gave no consistent indication 
of increases in the response rate in the presence of the CS+ 
when the CSn was introduced. Table 2 also presents the ob­
tained probabilities of food presentations given a CS+ pre­
sentation (when they were other than 1.0) and the probability 




MEAN RESPONSES PER MINUTE IN THE PRESENCE OF 
THE CS+ AND THE MEAN PROBABILITY OF A 
FOOD PRESENTATION GIVEN A CS+
DURING THE LAST THREE 













44 110.6 88.6 .40 97.8 .63
45 68.3 60.0 .29 71.4 .46
47 93.4 58.9 .73 49.8 .50
476 17.9 33.9 .85 3.0 .90
477 30.7 145.0 .58 168.4 .23
MEAN RESPONSES PER MINUTE IN THE PRESENCE OF
THE CSn AND THE PROBABILITY OF A RESPONSE 
GIVEN A CSn DURING THE LAST THREE 










44 3.0 .29 6.1 .35
45 17.8 .79 8.0 .35
47 3.6 .38 2.8 .27
476 1.1 .10 .3 .04
477 11.1 .71 5.9 .46
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a response given a CSn presentation is closely related to 
the response rate in the presence of the CSn and is also 
quite variable.
Figure 7 presents response rates in the presence of 
the various wavelength k.ey lights during the four days of 
the combined-cues test. For each pigeon the left panel pre­
sents estimates of the number of responses from the counters 
and from the photographs of the oscilloscope. The differences 
between these estimates will be discussed in detail shortly. 
Response rates in the presence of the probe presentations of 
the CS+/CSn compound are presented above the gradients in 
Figure 7. The upper probe response rate should be compared 
with the CS+/CSn response rate in the upper gradient and the 
lower probe response rate should be compared with the CS+/CSn 
response rate in the lower gradient. For all pigeons, using 
both estimates of responding, there was always more respond­
ing during the probe presentations of the CS+/CSn compound 
than during the combined-cues test. This finding indicates 
that the CSn (570 nm key light) became inhibitory as a result 
of being correlated with the negative automaintenance proce­
dure. Neither estimate of responding, however, indicated 
reliable evidence of inhibitory dimensional control. Only 
Pigeon 477, on the first day of the combined-cues test, 
showed evidence of inhibitory dimensional control. Responding 
in the presence of the CS+ during the combined-cues test is 
also presented in Figure 7. CS+ responding was greater than 
CSn responding in all cases. With the exception of Pigeon 4 5
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Figure 7. Responses per minute in the presence of 
each test stimulus is presented as a function of wavelength 
(nm). In Experiment 5 the combined-cues test followed dis­
crimination training with a CS+ and a CSn. The left panels 
present response rate estimates from the counters and the 
photographs (all pecks) for the first day of the combined- 
cues test. The response rates in the presence of the CS+ 
and the probe presentations of the CS+/570 nm compound are 
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CS+ responding on the first day of the combined-cues test 
was also greater than responding in the presence of each of 
the other test stimuli and the probe presentations of the 
CS+/CSn compound.
Figure 8 presents responding (based on the counters) 
for the 4 days of the resistance to reinforcement test as a 
function of the wavelength of the key light. Again with the 
exception of Pigeon 477 there was no indication of inhibitory 
dimensional control. Responding in the presence of the CS+ 
during the resistance to reinforcement test is also presented 
in Figure 8. With the exception of Pigeon 47 on the first 
and third days and Pigeon 45 on the fourth day, CS+ respond­
ing was greater than or equal to responding in the presence 
of each of the other test stimuli during the resistance to 
reinforcement test. The photographs of the oscilloscope were 
not clear enough to obtain a second estimate of responding.
A number of gradients in both Figures 7 and 8 are asym­
metrical. This type of asymmetry was also found in Experi­
ment 4 (cf.. Experiment 4 for a discussion of this finding) .
The response rates reported in Table 2 for the pigeons 
in Experiment 5 were computed from electromechanical counters 
operated by the solid state pulse former. Unfortunately these 
estimates of response rates do not seem to agree with the 
estimates of response rates computed from the photographs of 
the oscilloscope.
Figure 9 presents 4 representative tracings of oscillo­
scope photographs. Examination of these tracings indicates 
that there was a reliable tendency for key pecks to occur in
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Figure 8. Responses per minute in the presence of 
each test stimulus is presented as a function of wavelength 
(nm). In Experiment 5 the resistance to autoshaping test 
for dimensional control followed discrimination training 
with a CS+ and a CSn. Response rates in the presence of 
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Figure 9. Four representative tracings of photographs 
of the oscilloscope screen are presented. Each vertical 
line indicates an operation of the key, the duration of which 
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bursts of 2, 3, or 4 pecks within 100-200 msec. With the 
photographic recording system that was employed there was no 
way to record inter-response times accurately within bursts. 
Key peck durations reliably decreased within bursts. There 
are a number of reasons why "contact bounce" is not suffi­
cient to account for the second, third and fourth operations 
of the key contacts. The number of pecks within a burst was 
not constant and is not even reliably related to the duration 
of the first key peck. There were a number of instances 
where long duration key pecks did not occur within bursts 
(cf. Pigeon 47). The pattern of decreasing peck durations 
within bursts changed from burst to burst during a single 
stimulus presentation. The patterns were also different for 
different subjects. The probability of key pecks occurring 
singly was much greater for Pigeon 47 than for Pigeon 44.
All these differences in the pattern of decreasing key peck 
durations within a burst indicate that the occurrence of 
bursts and the pattern within bursts are related to the manner 
in which the pigeon strikes the key, rather than solely being 
a function of the mechanical properties of the key.
Table 3 presents 3 estimates of responses per session 
for conditions under which the photographs were clear enough 
to allow identification of all operations of the key. For 
each subject the first column is the number of key pecks 
recorded by the electromechanical counters, the second column 
is the number of operations of the key contacts (determined 
by examining photographs of the oscilloscope), and the third 









ESTIMATES OF THE NUMBER OF RESPONSES PER SESSION 
DETERMINED FROM .THE COUNTERS (C) AND THE 
PHOTOGRAPHS (OPERATIONS = O, BURSTS = B)
Pigeon #44 Pigeon #45 Pigeon #47
C O B C
Day 1 55 138 57 21
4 281 711 292 78
8 384 896 373 -
11 388 - 373 163
14 474 898 483 318
1 206 401 175 235
3 216 480 207 214
7 204 497 214 111
10 217 504 211 95
14 173 430 174 126
1 0 0 0 63
3 42 98 37 29
7 20 50 20 29
10 16 50 19 45
14 8 17 7 31
O B ' C 0 B
42 21 56 - 46
212 76 165 290 152
- - 275 344 259
374 161 390 537 397
569 321 434 611 424
443 230 140 192 145
390 211 188 280 198
186* 99* 37 53 34
230 95 118 144 115
311 127 148 220 159
124 60 67 99 65
80 32 32 44 27
69 28 2 4 2
117 46 8 23 8
92 36 9 19 8
* = Pictures missing.








TABLE 3 - Continued 
Pigeon #476 Pigeon #477
C 0 B C 0 B
Day 1 13 38 12 0 0 0
4
O
33 79 27 43 85 41
O
11 59 122 36 70 162 65
14 52 - - 106 - -
1 27 88 23 123 274 122
4
7
78 - 52 340 629 273
/
10 54 - 35 86 - 69
14 101 - 56 266 - 232
1 1 4 1 37 86 37
4
7
42 - 28 15 35 15
/
10 8 - 3 1 - 1
14 1 - 1 20 - 20
- = Photographs were not taken or quality
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photographs of the oscilloscope). Comparisons of columns C 
and B indicate that the solid state pulse former and electro­
mechanical counter system were recording bursts rather than 
all operations of the key (compare columns C and 0). Although 
the ratio of column 0 to column C or column 0 to column B is 
greater than 1.0 these ratios are fairly constant from session 
to session. Thus the average number of pecks per burst re­
mained roughly constant.
Figures 10-14 present the CS+ key peck durations during 
the course of acquisition. Cumulative probabilities that a 
response is shorter than the duration specified on the X-axis 
are plotted for all days that photographs were taken. When 
the quality of the photographs made it possible the durations 
of all key operations were used in addition to only the first 
(usually the longest) peck within a burst. Each method of 
counting pecks provided a separate set of functions. Examina­
tion of Figures 10-14 reveals that within both sets of func­
tions the curves are generally lower and more to the right for 
the later sessions. This indicates that there is a weak ten­
dency for key pecks to get longer with continued exposure to 
the positive automaintenance procedure. Schwartz (1977a) has 
found that the duration of key pecks maintained by a CRF sched­
ule (or FRl schedule, each response leads to a reinforcer) 
increases during the course of acquisition. Many of the func­
tions for Pigeons 44, 47, and 476 in Figures 10, 12, and 13 
respectively have decreased slopes for the intermediate dura­
tions compared to either the long or short durations. This
i
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Figures 10-14. Cumulative probabilities that a re­
sponse is less than the. duration specified on the x-axis 
are presented for CS+ responding during training with the 
CS+ alone. For each subject the upper panel presents cumu­
lative probabilities based on the duration of the initial 
key peck in a burst. The lower panel presents cumulative 
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indicates that these functions are based on bimodal frequency 
distributions of key peck durations.
Figures 15-19 present the CS+ and CSn key peck durations 
during the course of discrimination training. Figures 15-19 
employ the same method of presenting the data as was used in 
Figures 10-14. Data are presented for all stimulus conditions 
during which the subject responded and the quality of the 
photographs allowed identification of all key operations. 
Examination of Figures 15-19 reveals that with relatively few 
exceptions key peck durations are shorter in the presence of 
the CSn than in the presence of the CS+. This effect is found 
both when only first pecks in a burst are utilized and when 
all operations of the key are utilized in the computations. 
There does not, however, appear to be a tendency for the dif­
ference in duration between CS+ and CSn key peck durations to 
increase during the course of training. The observation that 
CS+ key pecks tend to be longer than CSn key pecks extends 
the generality of the effect to within subject designs in 
which both the CS+ and the CSn are presented within a single 
session.
There was not sufficient responding during the combined- 
cues test to allow a complete analysis of inhibitory and ex­
citatory dimensional control by separately examining short and 
long duration key pecks as a function of the wavelength of the 
key light. Key peck durations were examined during the first 
day of the combined-cues test for responding in the presence 
of the CS+, CSn (570 nm key light), and the 538 nm key light. 
These data and the key peck duration data for the probe
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Figures 15-19. Cumulative probabilities that a re­
sponse is less than the-duration specified on the x-axis 
are presented for CS+ and CSn responses during discrimina­
tion training. Cumulative probabilities based on both the 
duration of the initial key peck in a burst and the duration 
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presentations of the CS+/CSn compound are presented in Fig­
ures 20-22. The method of presenting the key peck duration 
data in Figures 20-22 is the same as that employed in Figures 
10-19. Examination of Figures 20-22 reveals that the function 
for key peck durations in the presence of the CS+/CSn compound 
during the combined-cues test are generally above and to the 
left of the functions for key peck durations in the presence 
of the probe presentations of the CS+/CSn compound. This 
indicates that the key pecks in the presence of the CS+/CSn 
compound became shorter as a result of the correlation of the 
CSn with the negative automaintenance procedure. This effect 
is evident for all pigeons that responded in the presence of 
the CS+/CSn compound during the first day of the combined- 
cues test. It should be noted, however, that many of the 
functions are based on a small number of responses. The num­
ber of responses upon which the cumulative probabilities are 
based is presented in parentheses next to each function in 
Figures 20-22.
All pigeons for whom comparisons were possible in Figures 
20-22 had shorter key peck durations in the presence of the 
CS+/CSn compound than in the presence of the CS+ alone. The 
difference between CS+ and CSn key peck durations found during 
discrimination training was maintained when the CSn was com­
pounded with the CS+. The effect is only weakly evident for 
Pigeon 45, the curves are fairly close together and cross 
once. It is interesting to note that the differences between 
CS+ and CSn key peck durations were also weak for Pigeon 4 5 
during discrimination training (cf. Figure 16).
Figures 20-22. Cumulative probabilities that a 
response is less than the duration specified on the x-axis 
are presented for the probe presentations of the 570 nm/ 
CS+ compound, the CS+ during the combined-cues test (CCT), 
the 538 nm/CS+ compound during the CCT, and the 570 nm/CS+ 
compound during the CCT. Cumulative probabilities are 
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Examination of Figures 20-22 also reveals that for all 
pigeons for whom comparisons were possible functions for key 
pecks in the presence of the CS+/CSn compound (i.e., CS+/
570 nm compound) during the first day of the combined-cues 
test are generally above and to the left of the functions 
for key pecks in the presence of the CS+/538 nm compound. No 
comparison is possible for Pigeon 477 because he did not re­
spond in the presence of the CS+/CSn compound during the first 
day of the combined-cues test. This difference between key 
peck durations in the presence of the CS+/570 nm compound and 
the CS+/538 nm compound indicates that relative to the number 
of key pecks in the presence of each compound there were more 
short duration pecks in the presence of the CS+/570 nm com­
pound than in the presence of the CS+/538 nm compound. Due 
to the differences in the number of key pecks upon which the 
cumulative relative frequencies were based the difference 
between key peck durations in the presence of the CS+/570 nm 
compound and the CS+/538 nm compound does not mean there was 
a greater absolute number of short duration key pecks in the 
presence of the CS+/570 nm compound.
Examination of short and long duration key pecks as a 
function of wavelength during the combined-cues test would 
not indicate inhibitory dimensional control for long duration 
key pecks or excitatory dimensional control for short dura­
tion key pecks. The differences between key peck durations 
in the presence of the CS+/570 nm compound and the CS+/538 nm 
compound found in Figures 20-22 and discussed above suggest 
that had there been roughly equivalent levels of responding
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across the wavelength continuum then there would have been 
indications of inhibitory dimensional control for long dura­
tion key pecks and excitatory dimensional control for short 
duration key pecks.
VII. GENERAL DISCUSSION
Determiners of Inhibitory 
Dimensional Control
A number of researchers have sought to identify the 
conditions necessary to produce dimensional control. The 
relationship of Experiments 1-4 to this literature will be 
explored in this section in order to gain a better under­
standing of the determiners of inhibitory dimensional control.
Experiments 1 and 2 indicate that exposure to a negative 
correlation between a CS- and reinforcers is not sufficient 
to establish inhibitory dimensional control. This finding is 
especially interesting considering Browne's (1974) finding 
that a procedure similar to that used in Experiment 1 led to 
the establishment of conditioned inhibition as defined by 
resistance to reinforcement. Evidently the training procedure 
used by Browne (1974) for establishing conditioned inhibition 
is not sufficient to establish inhibitory dimensional control. 
Experiment 4 indicates that exposure to differential stimulus- 
reinforcer contingencies is necessary in order to establish 
inhibitory dimensional control. Analogous sets of results 
have been found in the investigation of excitatory dimensional 
control. Jenkins and Harrison's (1960) investigation of audi­
tory stimulus control using an operant procedure indicates 
that exposure to an S+ alone is not sufficient and exposure
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to an S+ and an S- is necessary in order to establish excita­
tory dimensional control.
It has been hypothesized that differential reinforcement 
is necessary for the establishment of excitatory dimensional 
control because it insures that the S+ is the only stimulus 
that is consistently correlated with reinforcement. When 
training involves only an S+, responding is reinforced equally 
in the presence of background stimuli and the S+. Consequently 
the procedure does not force the subject to attend to the 
multidimensional S+ (Wagner, 1969). It should not be assumed, 
however, that if a differential reinforcement procedure is 
used that the subject will show dimensional control. If 
responding is under the stimulus control of a dimension of 
the S+ that is not varied during the generalization test, 
the gradient will be flat. Guttman and Kalish (1956) have 
demonstrated excitatory dimensional control after training 
with an S+ alone. It is possible that the S+ was sufficiently 
salient as a result of some unspecified previous differential 
reinforcement that caused the subjects to attend to the S+ 
even though they were not forced to by an experimenter con­
trolled differential reinforcement procedure. It is also 
possible that pigeons innately attend to the wavelength dimen­
sion of key lights (Tracy, 1970). Even in the Guttman and 
Kalish (1956) case, however, differential reinforcement would 
be expected to lead to sharper excitatory dimensional control 
than non-differential reinforcement to the extent that dif­
ferential reinforcement identified the stimulus dimension 
varied during the generalization test as one of the dimensions
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of the S+ which is reliably correlated with reinforcement 
(Thomas, 1970).
Tomie, Davitt and Engberg (1976) have demonstrated 
sharper excitatory dimensional control following differential 
autoshaping than after autoshaping with a CS+ alone. These 
findings indicate that the stimulus-reinforcer contingencies 
that result from the response-reinforcer contingencies in 
the training procedures used by Guttman and Kalish (1956) 
and Jenkins and Harrison (1960) are sufficient to identify 
the stimulus dimension varied during the generalization test 
as one of the dimensions of the S+ which is reliably correlated 
with reinforcement.
Following the line of reasoning developed above, in 
Experiment 1 and 2 of the present set of experiments the pi­
geons did not attend to the dimension of the CS- varied during 
the generalization test because many other stimulus dimensions 
were also paired with the absence of food. In Experiment 4 
the wavelength dimension of the CS- is one of the stimulus 
dimensions which is reliably followed by the absence of food, 
thus increasing the probability that the subjects will attend 
to the dimension of CS- varied during the generalization test. 
The evidence for inhibitory dimensional control found after 
exposure to the differential autoshaping procedure used in 
Experiment 4 indicates that the pigeons attended to the wave­
length dimension of the CS-.
These findings indicate that a positive correlation 
between a CS+ and food and a negative correlation between a 
CS- and food are necessary to establish inhibitory dimensional
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control. In addition to being exposed to these correlations 
all subjects in Experiment 4 responded in the presence of 
the CS+. It may be necessary during training for subjects 
to be making the response examined in the generalization 
test in order for the test stimuli to control that response.
It is also possible that responding is a byproduct of expo­
sure to a positive correlation between a CS+ and food, and 
may not be necessary for the establishment of inhibitory 
dimensional control. The exposure of subjects to a positive 
correlation between a CS+ and food may be necessary to estab­
lish inhibitory dimensional control only because it identi­
fies the dimension of the CS- varied during the generalization 
test as a dimension of the CS- which is never followed by food. 
Exposure to a positive or possibly a zero correlation between 
a stimulus and food under conditions where no responding could 
occur, in addition to a negative correlation between a CS- 
and food, may be sufficient to establish inhibitory dimensional 
control. If so then theoretically a novel response class 
could be used in the generalization test to demonstrate that 
inhibitory dimensional control had been established.
Determiners of Response Rate and 
Resistance to Reinforcement
Performance during the combined-cues tests and the resis­
tance to reinforcement tests in Experiments 4 and 5 will be 
compared in this section. Several explanations of the dif­
ferences between the degree of inhibitory dimensional control 
following discrimination training with a CS+ and CS- and 
discrimination training with a CS+ and CSn are discussed.
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The differences between acquisition of key pecking in the 
presence of the former CS- and the former CSn during the 
resistance to reinforcement tests are also discussed.
In addition to the differences in the contingencies 
used in the presence o f .the CS- and CSn there are a number 
of other differences between Experiments 4 and 5 with respect 
to the apparatus and procedures used. These latter differ­
ences seem to be relatively unimportant because responding 
in the presence of the CS+ in both Experiments 4 and 5 was 
very similar (see Tables 1 and 2).
Comparisons of Figures 4, 5, and 6 with Figures 7 and 8 
reveal reliable differences between the results of Experiments 
4 and 5 with respect to the degree of inhibitory dimensional 
control. A number of factors may have contributed to the 
lack of evidence for inhibitory dimensional control following 
exposure to the negative automaintenance procedure used in 
Experiment 5. The levels of responding were quite low during 
the combined-cues test (cf. Figure 7) and the resistance to 
reinforcement test (cf. Figure 8) in Experiment 5, consequently 
the lack of evidence for inhibitory dimensional control may 
simply be due to a floor effect. It should be noted, however, 
that rates were also quite low during the combined-cues test 
in Experiment 4, which indicated that inhibitory dimensional 
control had been established., It is also possible that the 
positive correlation between the CSn and reinforcers may have 
led to generalized excitation sufficient to flatten the gen­
eralization gradients but insufficient to counteract the over­
all effect of the generalized inhibition resulting from the
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negative contingency between responding and reinforcers in 
the presence of the CSn. A third possibility is that the 
differential reinforcement with respect to response produced 
stimuli during discrimination training in Experiment 5 led 
to control of responding by the response produced stimuli to 
the detriment of control by the wavelength dimension of the 
key light. In the presence of the CSn key peck response pro­
duced cues were reliably followed by the absence of food 
presentations and off-key peck response produced cues were 
reliably followed by food presentations.
Table 4 presents response rates in the presence of the 
CS- and the CSn during the combined-cues test and the resis­
tance to reinforcement test. Response rates are very similar 
in the presence of the CS- and the CSn during the combined- 
cues tests and quite different during the resistance to rein­
forcement tests. This pattern of results suggests that the 
combined-cues test is not as sensitive as the resistance to 
reinforcement test is to differences between the effects of 
the CS- and the CSn on responding.
Work by Barrera (1974) suggests a possible explanation 
of the very low rates in Experiment 5 during the combined-cues 
test, the low rates in Experiment 5 during the resistance to 
reinforcement test, and the high rates in Experiment 4 during 
the resistance to reinforcement test. Barrera closely ob­
served pigeons during exposure to a negative automaintenance 
procedure. He found that although extended exposure to a 
negative automaintenance procedure reduced key pecking sub­
stantially, "all birds developed persistent, rates of pecks
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.TABLE 4
RESPONSES PER MINUTE IN THE PRESENCE OF THE CS- 
AND CSn DURING THE FIRST DAY OF THE 
COMBINED-CUES TEST (CCT) AND THE 
RESISTANCE TO REINFORCEMENT TEST (RTR)
CS- CS- CSn CSn
Subjects CCT RTR Subjects CCT RTR
40 0 75 44 1.1 1.1
41 0 0 45 2.7 0
42 26 122 47 2.7 2.1
43 0 42 476 1.6 0
484 11 16 477 0 0
485 1 9
487 0 12
Mean 5.4 39.4 1.6 .6
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that stopped short of the keys or that struck adjacent areas 
of the wall containing the keys" (Barrera, 1974, p. 343).
The behavior of pigeons during presentations of a CSn sug­
gests that the low rates of key pecking in the presence of 
the CS+/CSn compound are due to the occurrence of off-key 
pecks.
The reduction in key pecking and the maintenance of 
off-key pecking observed by Barrera during a negative auto­
maintenance procedure suggest that there are two sources of 
control of pecking. The positive correlation of the CSn with 
food, on trials when the subject does not respond, causes 
the pigeon to approach and peck the key. This is an example 
of the classical conditioning of key pecking. The negative 
contingency between key pecking and food presentations, how­
ever, causes a modification of the key directed pecks such 
that they do not cancel the scheduled food presentation by 
striking the key. This is an example of the instrumental 
conditioning; the probability of off-key pecking increases 
because off-key pecks are followed by food presentations.
The negative contingency does not, however, modify the tem­
porally earlier portions of the pigeon's behavior in the 
presence of the CSn because these behaviors do not cancel 
food presentations.
In the presence of the CS- during training neither form 
of key peck conditioning discussed above takes place. Upon 
initiation of a resistance to reinforcement test the former 
CS- is correlated with a radically new set of conditions, 
under which both types of conditioning can,take place. The
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positive correlation of the former CS- with food presenta­
tions causes the pigeon to approach and peck the key. Once 
key pecking has occurred instrumental conditioning can also 
take place, even though there is no contingency between key 
pecking and food presentations. The probability of key 
pecking will increase because key pecks are reliably followed 
by food presentations. Both classical conditioning and in­
strumental conditioning contribute to establishing and main­
taining key pecking during the resistance to reinforcement 
test.
The situation is quite different when a former CSn is 
correlated with food presentations during a resistance to 
reinforcement test. If exposure to the training procedure 
was sufficient to reduce key pecking substantially in the 
presence of the CSn then the change from training to testing 
will only mean a slight increase in the probability of a 
food presentation given a CSn presentation. Such ;a small 
change in the procedure the subject is exposed to would not 
be expected to greatly alter the classical and instrumental 
conditioning that took place during training. Thus the high 
levels of off-key pecking and the low levels of key pecking 
would continue to predominate during the resistance to rein­
forcement test. The accounts presented above of conditioning 
during resistance to reinforcement tests following exposure 
to either a CS- or a CSn seem to provide a reasonable account 
of the higher rates of key pecking in Experiment 4 and the 
lower rates of key pecking in Experiment 5 during the resis­
tance to reinforcement tests (cf. Table 4).,
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Determiners of Peck Duration
Schwartz and his colleagues have conducted a number of 
experiments designed to evaluate the hypothesis (hereafter 
referred to as the Schwartz and Williams hypothesis) that 
there are two distinct classes of key pecks. According to 
this hypothesis each class of key peck is subject to differ­
ent sources of control. Key pecks resulting from key light- 
food pairings are of short duration and key pecks resulting 
from a key peck-reinforcer contingency are of long duration. 
The sequential dependencies of key peck durations found in 
Experiment 5, Barrera's (1974) work, and some recent work by 
Ziriax and Silberberg (1978) suggest alternative explanations 
of the data that have been used to support the Schwartz and 
Williams hypothesis. The alternative explanations that are 
based on Barrera's (1974) work will be discussed first, fol­
lowed by a reinterpretation of the differential reinforcement 
and punishment of key peck duration data based on Ziriax and 
Silberberg's (1978) work and the sequential dependencies of 
key peck durations found in Experiment 5. The discussion of 
the determiners of key peck duration concludes with the pro­
posal of an explanation of the relation between key peck 
duration and the schedule of reinforcement that is maintain­
ing responding.
The observation that key peck durations are reliably 
shorter in the presence of a CSn was central to the develop­
ment of the Schwartz and Williams hypothesis. Barrera's 
work, however, suggests an alternative explanation of the 
shorter CSn key peck durations. Barrera found that the
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modification of the key peck response topography that results 
from the key peck food omission contingency leads to off-key 
pecking. This modification may be responsible for the shorter 
CSn key peck durations if the off-key pecks that "spill" 
onto the key result in short duration key pecks. This ex­
planation of the shorter CSn key peck durations "is consis­
tent with Kirby's (1968) observation that most of the pecks 
of her omission-trained subjects either landed upon the panel 
alongside the response key or stopped short of the panel or 
key. 'Short' pecks or weak ones would often be recorded as 
brief duration events, but they should not be interpreted as 
differing in kind from normally autoshaped responses" (Moore, 
1973, p. 179). Although the instrumental conditioning of 
off-key pecks may account for the short CSn key peck dura­
tions it can not account for their maintenance. However, 
the pairing of the CSn with food presentations on trials when 
the subject does not respond may be sufficient to keep pecks 
directed at the key and spilling onto the key in spite of 
the key peck food omission contingency. It should also be 
noted that not all birds continue to key peck on negative 
automaintenance procedures and extended exposure to a nega­
tive automaintenance procedure leads to very low rates of key 
pecking [Barrera, 1974; Herrnstein and Loveland, 1972).
Schwartz (1977a) has also found that key peck durations 
were shorter in the initial portions of discrete stimulus 
presentations that were correlated with a differential-rein- 
forcement-of-low-rates (DRL) schedule. The discrete trial 
DRL 6 sec schedule with a 6 sec limited hold arranged immediate
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food presentations and termination of the trial contingent 
upon a key peck 6 to 12 sec after the key had been illuminated 
A trial was terminated without a food presentation if the 
pigeon pecked before 6 sec had elapsed or if the pigeon did 
not peck during the sixth to twelfth sec after the trial began 
The negative key peck-reinforcer contingency during the first 
6 sec of a trial makes this discrete trial DRL schedule quite 
similar to negative automaintenance procedures, consequently 
off-key pecking would be expected and might account for the 
short key peck durations. Using a discrete trial DRL proce­
dure that required the pigeon to initiate a trial by pecking 
a second key, Nevin and Berryman (1963) found that the pi­
geons continued to peck this second key after a trial had 
been initiated even though pecks at the second key had no 
scheduled consequences. This observation of pecking that 
was directed away from the key light correlated with the DRL 
schedule during the initial portions of a trial, indicates 
that off-key pecking was probably occurring in Schwartz's 
(1977a) experiment during the portions of the stimulus presen­
tation when the key peck durations were short. The off-key 
pecking rather than the pairing of the key light with food 
presentations alone may have been responsible for the short 
duration key pecks
The explanation of short duration key pecks as a by­
product of off-key pecking also seems applicable to other 
experiments that have been used to support the Schwartz and 
Williams hypothesis. Schwartz, Hamilton, and Silberberg (1975)
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have shown that key pecking can be maintained in the presence 
of a key light which signals that a variable interval (VI) 
schedule is in effect for responding on another key, when the 
VI schedule alternated with signalled extinction. Signal key 
pecking did not occur when the signal key lights indicated 
which of two equivalent VI schedules was in effect, or if 
the signal key light indicated extinction. In the Schwartz 
et al. (1975) study the schedule changed every 2 min, thus 
when the VI schedule alternated with extinction the VI signal 
key light was informative with respect to food presentations 
obtained as a result of responding on the other key. This 
pairing of the signal key light with food presentations led 
to mostly long key pecks on the signal key light if these 
pecks could be immediately followed by a reinforcer for re­
sponding on the other key. However, if there was a 2 sec 
changeover delay (COD) which prevented collection of a rein­
forcer for responding on the other key unless 2 sec had 
elapsed since a signal key peck then the signal key pecks 
were mostly short. The COD requirement is similar to a DRL 
schedule in that key pecks must not occur for a specified 
period of time before a key peck can lead to a reinforcer. 
This similarity of the COD requirement to a DRL schedule 
might be expected to lead to short signal key pecks for the 
same reason it was argued above that pecks are short in the 
presence of a stimulus correlated with a DRL schedule.
Positive automaintenance (i.e., standard autoshaping) 
procedures usually maintain key pecks of long duration 
(Schwartz, 1977a). As was mentioned above this is compatible
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with the Schwartz and Williams hypothesis because it is 
assumed that the adventitious relationship between key peck­
ing and reinforcer presentations results in the instrumental 
conditioning of key pecking. Consequently key pecks are of 
long duration even though there is no explicit contingency.
Gamzu (1971), however, has found that key pecks were primarily 
of short duration on a positive automaintenance procedure if 
the pigeons had been pre-exposed to a procedure in which food 
presentations were just as likely during the key light pre­
sentations as they were during the intertrial interval.
"The explanation offered by Gamzu (1971) was that during the 
nondifferential procedure a feeding-related behavior occurs 
and is maintained (Staddon and Simmelhag, 1971). When the 
differential procedure is introduced and key pecking develops, 
the other behavior continues to occur and be reinforced.
Thus the development of operant pecks ^instrumental pecks of 
long duration] is essentially blocked by the occurrence of 
these adventitiously reinforced other behaviors, and the peck­
ing one does observe [pecks of short duration] is strictly 
under the control of the stimulus reinforcer relation" (Schwartz 
and Gamzu, 1977, p. 68).
Gamzu's (1971) data seem to be compatible with other 
explanations that are not based on the assumption that there 
are two distinct classes of key pecks. If the "feeding re­
lated behavior" was a form of off-key pecking then it would 
be expected to interfere with the normal development of key 
pecking usually observed whfen a positive automaintenance pro­
cedure is introduced. With pre-exposure to the nondifferential
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procedure the key pecks may not have become longer after 
the positive automaintenance procedure was introduced be­
cause the off-key pecking successfully competed with the 
normal development of key pecking. As was argued above, 
when off-key pecking competes with key pecking short dura­
tion key pecks may result.
One aspect of the Schwartz and Williams hypothesis 
which has not yet been discussed is that if short duration 
key pecks are a distinct class of key pecks solely under the 
control of key light-food pairings then they should not be 
influenced by a short key peck-reinforcer contingency. 
Schwartz and Williams (1972b) tested this implication of 
their hypothesis by arranging that "each response duration 
within the first third (Pigeon 62 and 2858), first quartile 
(Pigeon 1623), or first quintile (Pigeon 88) of the distribu­
tion of durations on the [pretraining] VR5 procedure was 
reinforced" (Schwartz and Williams, 1972b, p. 210), The 
number of responses per reinforcer was examined in order to 
determine the subjects' sensitivity to the differential rein­
forcement procedures. With the VR5 schedule in effect the 
distribution of key peck durations was determined. If key 
peck durations within the first third of this distribution 
were differentially reinforced and the subject's distribution 
of key peck durations did not change then on the average 
there would be 3 responses per reinforcer. If key peck dura­
tions within the first third of the distribution were dif­
ferentially reinforced and the relative frequency of key peck 
durations within the reinforced range increased then on the
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average there would be less than 3 responses per reinforcer. 
Using responses per reinforcer as the measure of sensitivity 
to differential reinforcement none of the pigeons ever showed 
any sensitivity to the differential reinforcement of short 
duration key pecks. The pigeons were next exposed to 5 ses­
sions with a VR5 schedule without differential reinforcement 
of key peck duration, followed by differential reinforcement 
of long key peck durations. Each response duration within 
the fourth quintile of the distribution of durations on the 
last 3 days of the VR5 procedure was reinforced. The de­
creased number of responses per reinforcer during this dif­
ferential reinforcement procedure indicated that all pigeons 
were sensitive to the differential reinforcement of long key 
peck durations.
Although these effects of differential reinforcement of 
key peck durations are consistent with the Schwartz and 
Williams hypothesis, the sequential dependencies of key peck 
durations within bursts found in Experiment 5 suggest an al­
ternative explanation of the differences in sensitivity to 
differential reinforcement of long and short duration key 
pecks. The apparent insensitivity of short duration key pecks 
to differential reinforcement might be due to the reinforce­
ment of complete bursts, consisting of long and short duration 
key pecks. This would have occurred when reinforcers were 
contingent upon short duration key pecks in the Schwartz and 
Williams (1972b) study if short duration key pecks were reli­
ably preceded by long duration key pecks, as they were in 
Experiment 5. Figure 23 presents some hyppthetical relationships
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Figure 23. Hypothetical relationships between bursts 
of key pecking and reinforcer presentations are presented 
for conditions when short duration key pecks are differen­
tially reinforced (upper panel) and when long duration key 
pecks are differentially reinforced (lower panel). The 
presentation of key peck durations is similar to the tracings 














































between bursts of responding and reinforcers when short dura­
tion key pecks are differentially reinforced. In the upper 
panel of Figure 23 both bursts contain short duration key 
pecks within the reinforced range. Consequently both bursts 
were followed by reinforcer presentations. It should be 
noted that responses during the reinforcer presentation would 
probably not be counted.
- The differential reinforcement of long duration key 
pecks was effective even though these pecks also occurred in 
bursts because the second key peck within a burst tended to 
be short no matter what the duration of the initial key peck 
was (cf. Figure 9). Consequently only bursts which began with 
a key peck of the appropriate duration would be reinforced. 
Figure 23 also presents some hypothetical relationships between 
bursts of responding and reinforcers when long duration key 
pecks are differentially reinforced. In the lower panel of 
Figure 23 only the burst which began with a long duration key 
peck within the reinforced range was followed by a reinforcer 
presentation. This effect coupled with the fact that short 
duration key pecks, which occurred after a long duration key 
peck which satisfied the contingency, were probably not 
counted, may account for the sensitivity of long duration 
key pecks to differential reinforcement even though they occur 
in bursts with short duration key pecks.
Schwartz (1977b) has also shown that short duration key 
pecks are insensitive to differential punishment. Schwartz 
found that superimposing a CRF punishment contingency for key
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peck durations of 10-25 msec duration onto a VI 1 min sched­
ule of food reinforcement did not selectively reduce 10-25 
msec key peck durations. CRF punishment of 35-50 msec key 
peck durations, however, did reduce their frequency relative 
to other durations. Again although these data are consistent 
with the Schwartz and Williams hypothesis, the insensitivity 
of short duration key pecks to differential punishment may 
have resulted from punishment of complete bursts, consisting 
of long followed by short duration key pecks. The sensitivity 
of long duration key pecks to differential punishment may have 
resulted from the differential punishment of bursts beginning 
with 35-50 msec key peck durations which satisfied the punish­
ment contingency.
Schwartz also found that the differential punishment 
of long duration key peck procedure suppressed the total amount 
of key pecks of all durations substantially more than the dif­
ferential punishment of short duration key pecks did. This 
difference might also be related to sequential dependencies 
of key peck durations. The differential punishment of long 
key peck durations would result in shocks being presented during 
a burst. Shocks that coincide with key pecking might be ex­
pected to be more disruptive than shocks that occur after a 
burst of key pecking.
The present account of the insensitivity of short dura­
tion key pecks to differential reinforcement and punishment 
procedures suggests that the opposite might be found if rein­
forcers or punishers were contingent upon short duration key 
pecks that were isolated in time from other, key pecks. Ziriax
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and Silberberg (1978) have demonstrated that both long and 
short duration key pecks can be differentially reinforced 
under conditions that require the pigeon not to respond for 
2.0 sec before the required key peck duration is made or during 
a .7 sec period after the required key peck duration has been 
made. Reinforcers were made available on a FR 2 schedule for 
a second response if the initial key peck duration met the 
pacing requirement.
Ziriax and Silberberg (1978) suggested that key peck 
duration might be a positive function of the strength of re­
sponding (as measured by response rate or latency) rather 
than whether the key pecking resulted from a stimulus-reinforcer 
or a response-reinforcer relationship. They found that across 
schedules a positive correlation exists between median key 
peck duration and the reciprocal of the mean latency of re­
sponding for key pecking maintained by DRL, negative auto­
maintenance, positive automaintenance, and CRF schedules of 
reinforcement. Ziriax and Silberberg also found that across 
schedules a positive correlation exists between median key 
peck duration and response rate for key pecking maintained 
by FI, VI and FR schedules of reinforcement. However, as 
Ziriax and Silberberg (1978) point out, any conclusions based 
on these correlations must be tentative because in several 
cases the correlations are based on data that are from dif­
ferent studies.
Median key peck duration was not correlated with response 
rate in a manner consistent with the Ziriax and Silberberg 
(1978) hypothesis in Schwartz and Williams (1972b) work.
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When response rate in the presence of a CS+ was reduced to 
a level comparable to that maintained by a negative automain­
tenance procedure, by reducing the probability of a food 
presentation given a CS+ to .05, the median key peck duration 
remained considerably longer in the presence of the CS+ than 
the CSn. Experiment 5 also provides an opportunity to evalu­
ate Ziriax and Silberberg's hypothesis. Figure 24 presents 
median CS+ key peck durations as a function of CS+ responses 
per session during training with the CS+ alone. Figure 25 
presents median CS+ key peck durations as a function of CS+ 
responses per session during discrimination training with the 
CS+ and the CSn. The positive correlation between key peck 
duration and response rate suggested by Ziriax and Silberberg 
does not appear to exist within subjects across sessions with 
the same schedule.
Table 5 presents median key peck durations for respond­
ing maintained by several different schedules. The source 
of all values in Table 5 is a single set of experiments 
(Schwartz, 1977a). Examination of Table 5 reveals that the 
longer key peck durations are maintained by schedules which 
require the pigeon's pecking to be on the key. FR schedules, 
which maintain the longest key peck durations, also force the 
pigeon's pecking onto the key to the greatest extent. Any 
increase in the ratio of off-key pecks to on-key pecks will 
lead to a reduction in reinforcers per hour, unless the sub­
ject increases his overall rate of pecking. The same is true 
for FI schedules, but to a lesser extent. Only increases in 
the ratio of off-key pecks to on-key pecks .after the interval
Figure 24. Median CS+ key peck durations are presented 
as a function of the number of responses per session during 
training with the CS+ alone. The median key peck durations 
in the upper panel are based on only the initial key pecks 
in a burst. The median key peck durations in the lower panel 
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Figure 25. Median CS+ key peck durations are pre­
sented as a function of the number of responses per session 
during CS+/CSn discrimination training. The median key 
peck durations in the upper panel are based on only the 
initial key pecks in a burst. The median key peck durations 
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TABLE 5
MEDIAN KEY PECK DURATIONS MAINTAINED BY VARIOUS 
TRAINING SCHEDULES IN A SINGLE SET OF 
EXPERIMENTS BY SCHWARTZ (1977a)
(ZIRIAX AND SILBERBERG, 1978, TABLE 4)









has elapsed will result in a reduced reinforcement frequency. 
Median key peck durations may be shorter on FI schedules than 
on FR schedules because the FI schedules do not force pecking 
onto the key as much as the FR schedules do. Positive auto­
maintenance procedures, which do not force pecking onto the 
key at all, in that key pecks are not required to produce 
food presentations, maintain still shorter key peck durations.
The explanation of the relationship between key peck 
duration and schedule of reinforcement in terms of the force 
exerted by the schedule to put pecks onto the key does not 
account for the duration of key pecks maintained by FR 1 
schedules, The present account would predict that key peck 
durations would be longer on FR 1 schedules than on FI sched­
ules. Key pecking maintained by a FR 1 schedule, however, 
may be less sensitive to reductions in reinforcement frequency 
resulting from a proportionally greater number of off-key 
pecks because of the typically very high reinforcement fre­
quency. This decreased sensitivity to relative change in 
extremely high values of reinforcement frequency is consistent 
with the common finding in the psychophysical literature that 
the Weber constant is typically much greater when the extremes 
of a stimulus continuum are involved. This increase in the 
Weber constant when reinforcement frequency is very high in­
dicates that a relatively greater change in reinforcement 
frequency is necessary before a subject would be able to detect 
the change. For example, a reduction from 400 to 350 rein­
forcers per hour might not be detected while a reduction from 
80 to 70 reinforcers per hour would be defeated. If a subject
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did not detect the reduction in reinforcement frequency the 
change would not be expected to force pecks onto the key. 
Consequently key peck durations maintained by very rich 
reinforcement schedules would be shorter than those main­
tained by leaner schedules.
Discrete trial DRL schedules require that the subject's 
pecking not be on the key early in a trial in order for 
food to be available contingent upon a key peck when the DRL 
interval elapses. These schedules force the pigeon's peck­
ing off the key early in a trial because any increase in the 
probability of all pecking being off the key until the DRL 
requirement is met will lead to an increase in the obtained 
rate of reinforcement. Consequently the present account 
would predict that key peck durations early in a trial would 
be shorter than the duration of key pecks maintained by a 
positive automaintenance procedure. Schwartz's (1977a) data 
support this prediction. During the first 2 sec of a dis­
crete trial DRL 6 sec schedule with a 6 sec limited hold, 
median key peck durations for all 4 subjects were between 
15 and 20 msec. The present account would also predict that 
late in a trial, when a key peck is required, key peck dura­
tions would be longer. Schwartz's (1977a) data also support 
this prediction. During the period from 6.5 to 12 sec after 
a trial began, when reinforcers were contingent upon key pecks, 
median peck durations for all 4 subjects were between 25 and 
4 5 msec.
Negative automaintenance procedures are similar to the 
early portions of discrete trial DRL schedules in that pecking
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is forced off the key. Any increase in the probability of 
all pecking being off the key during the presentation of a 
stimulus correlated with negative automaintenance will result 
in an increased rate of reinforcement. Consequently the 
present account predicts that negative automaintenance pro­
cedures should maintain the shortest key peck durations, and 
this is exactly what has been found (Schwartz, 1977a).
Summary and Final Comments
The Schwartz and Williams hypothesis assumes that there 
are two distinct classes of key pecks, each subject to dif­
ferent sources of control. Key pecks resulting from key 
light-food pairings (a classical conditioning procedure) are 
of short duration and key pecks resulting from a key peck- 
reinforcer contingency (an instrumental conditioning procedure) 
are of long duration. In order to explain the differences 
between the median key peck durations that are maintained by 
various training procedures the present account does not 
assume that there are two distinct classes of key pecks.
Instead it is assumed that the duration of each key peck is
jointly determined by the relationship between the key light 
and food presentations (a classical conditioning procedure) 
and the response-consequence contingencies (instrumental con­
ditioning procedures) that the key peck is involved in. Pro­
cedures which require that the peck be on the key result in
longer duration key pecks while procedures which require the 
peck not to be on the key result in shorter duration key pecks.
The present account of median key peck durations main­
tained by various schedules may be evaluated by providing a
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second lighted but inactive key. The inactive key would pro­
vide an easily quantifiable measure of off-key pecking. The 
amount of off-key pecking (which results in short duration 
key pecks) is assumed to be a negative function of the force 
exerted by the schedule to put pecks onto the key. If the 
present account is correct then one would expect to find a 
negative correlation between the duration of key pecks on 
the active key and the rate of key pecking on the inactive 
key.
In the introduction it was argued that a CSn would be­
come both excitatory and inhibitory. This hypothesis coupled 
with the Schwartz and Williams hypothesis suggested that an 
examination of key peck duration would reveal excitatory di­
mensional control for short duration key pecks and inhibitory 
dimensional control for long duration key pecks. Although 
the present account of the determiners of key peck duration 
is quite different from that of Schwartz and Williams it is 
not incompatible with excitatory dimensional control of short 
duration key pecks and inhibitory dimensional control of long 
duration key pecks. The excitatory dimensional control of 
short duration key pecks could result from the generalization 
of off-key pecking. The more dissimilar a test stimulus is 
to the CSn the less off-key pecking there would be. Conse­
quently there would be fewer short duration key pecks. Appar­
ent evidence of inhibitory dimensional control of long duration 
key pecks could also result from the decreasing number of off- 
key pecks as the test stimuli become more dissimilar to the 
CSn. Due to the long duration key pecks maintained by the
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presence of the CS+ the number of long duration key pecks 
would be expected to increase as the number of off-key pecks 
decreased.
In this discussion of dimensional control the excita­
tory dimensional control of short duration key pecks was 
responsible for the apparent evidence of inhibitory dimen­
sional control of long duration key pecks. However, it is 
possible that the inhibitory dimensional control of long dura­
tion key pecks could account for what is only apparent evi­
dence of excitatory dimensional control of short duration key 
pecks. The inhibitory dimensional control of long duration 
key pecks could result from the generalized inhibition of on- 
key (long duration) key pecks. The more dissimilar a test 
stimulus is to the CSn the more on-key (long duration) key 
pecking there would be. This increase in the number of on-key 
pecks might be expected to lead to a decrease in the number 
of off-key pecks. Consequently there would be apparent evi­
dence of the excitatory dimensional control of short duration 
key pecks.
Experiment 5 provided some indication of inhibitory 
dimensional control of long duration key pecks and the excita­
tory dimensional control of short duration key pecks. There 
were more long duration key pecks relative to total key pecks 
in the presence of the CS+/538 nm compound than in the presence 
of the CS+/570 nm compound. This necessarily means that there 
were also more short duration key pecks relative to total key 
pecks in the presence of the CS+/570 nm compound than in the
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presence of the CS+/538 nm compound. Using the same measure 
it was also found that the key peck durations in the presence 
of the CS+/CSn compound became shorter as a result of its 
correlation with the negative automaintenance procedure.
These results indicate that had there been roughly equivalent 
levels of responding across the wavelength continuum then 
there would have been evidence of the inhibitory dimensional 
control of long duration key pecks and excitatory dimensional 
control of short duration key pecks.
The two accounts of inhibitory dimensional control of 
long duration key pecks and excitatory dimensional control 
of short duration key pecks presented above are indistinguish- 
aboe if it is assumed that increases in the number of on-key 
(long duration) pecks always lead to decreases in the number 
of off-key (short duration) pecks and vice versa. Consequently 
these accounts of inhibitory and excitatory dimensional con­
trol might better be described in terms of the dimensional 
control of peck location. The more similar a test stimulus 
is to the training stimulus (i.e., CSn) in the presence of 
which off-key pecking developed, the more off-key pecks there 
would be and the more dissimilar a test stimulus is to the 
training stimulus the more on-key pecks there would be.
The discussion of the dimensional control of peck loca­
tion suggests that the low levels of key pecking during the 
combined-cues test in Experiment 5 following exposure to the 
CSn are due to a high proportion of the pecks being off-key 
pecks in the presence of all stimuli. The low levels of key 
pecking during the combined-cues test in Experiment 4 following
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exposure to the CS-, however, would be due to low levels of 
all pecking. The discussion of the determiners of inhibitory 
dimensional control in the first section of the General Dis­
cussion is related to the present discussion of the dimensional 
control of peck location following exposure to a CSn. In 
both cases a discrimination training procedure would be ex­
pected to lead to better dimensional control to the extent 
that it identified the dimension of the training stimulus that 
is varied during the generalization test.
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